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DE-ENTRAINMENT ON VERTICAL
ELEMENTS IN AIR DROPLET
CROSS FLOW

bv

John C. Dallman and Walter L. Kirchner

ABSTRACT

De-ent.-ainment phenomena on vertical elements in air-water droplet cross flow
ara generated using a horizontal array of water spray nozzles and a
draft-induced wind tunnel. These conditions are used to obtain experimental
values of the de-entrainment efficiency of isolated elements (25.4-, 63.5-,
and 101.6-mm-diam cylinders and a 76.2-mm-square tube), and of an array of
101.6-mm-diam cylinders. A flow model is developed that extrapolates the
de-entrainment efficiency of isolated elements through the use of a
correlation for the "interference effect" to predict the efficiency of large
arrays of similar elements. This simple model is shown to , 'ovide a good
prediction of the de-entrainment efficiency of arrays in terms of the
eff-ciency of an isolated element.



Re

STk

We

NOMERCLATURE
Total cruss-sectiona) area at section
of infinite array

Total cross=sectiona) area of gaps in
row N 0° section defining Ay

Vertical element diameter

Fraction of air-droplet j:t
intercepted by a row

R /nolds number

Stokes number

Velocity

Weher number
Diareter-to-pitch ratio

De-entrainment efficiency

SUBSCRIPTS
a - Air
d - Droplet
G = Gap between elements

Isolated clement

N = Row number in an array
v = Dynamic viscosity
n - Density
T « Total
INTRODUCTION

The importance of gas-droplet flows has
increased with the need for greater averall
efficiency in industrial orocesses, power
generation, and due to its role ir nuclear reactor
safety. Although considerable effort hay been ex-
pended studying the formation ol gas-Jroplet flows
(entrainment), little effort has heen exponded on
the de-entrainment (droplet removal) of the draplet
field, with the possible exception of the spec tal
cases of steam drying and aircraft icing. In



site water supply resulted in minor uncontrolled
spray fluctuations. These equipment limitations
resulted in the isolated element de-entrainment
measurements being repeatable within + 10 per cent,
Of the measurements presented, only those in Fig. 3
and the measurements in Fig. 4 with Weber number
less than 250 were obtained using this facility.

The second facility allowed for greatly improved
measurement precision and epeitability. Air flow
rates are controlled by an elrctronically operated
vortex camper system resulting in highly repro-
ducible conditions with major fluctuations (due to
gusty winds) less than 5 per cent. Use of a stable
water recirculation system allowed for reproducible
spray conditions within about 1 per cent. Measure-
ments using this facility were easily repeatable
within about a 5-per cent band. Data presented in
Fig. 4, with Weber number greater than 250, and all
that presented in Figs. 5, 6, and 7 were obtained
using ti-is facility.

ENTRANCE CONE

ENTRANCE
NOZZLE
EXTENSION

center of the test area.

The wind tunnel in Fig. 1 's operated in an in-
duction mode with air entering a 2.9-m¢ ent-ance
cone, then passing an array of spray nozzles, on to
an elliptical contraction section, and finally the
test section. After passing through the test sec-
tion, the mixture enters a liquid separator from
which the water is recycled and the air released to
the atmosphere.

Water droplets are admitted to the air flow by
an array of horizontal spray nozzles located 1.27 m
from the start of the test section. These nozzles
were purchased from Spraying System Company and pro-
vide a spray with a volume median diameter varying
from 2650 wm to 2200 um as the pressure at the
nozzle tip is varied from 69 to 275 kPa. The spray
array was designed such that total coverage of the
test area cross section was obtained even at the
highest flow velocities. However, this ensured that
at lower flow velocities, some of the droplet spray
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1ve test area for both facilities s identical
and, in fact, fis 1nter§hangeab\e. This test ares
con. sists of 8 0.32-m’ cross-sectional flow area
designed to accommodate a wide variety of shapes and
configuratior of simulated upper plenum inter-
nals, TFigure ? inoicates the design of the test
section floor and celling. 1t is capable of accom-
modat ing a 17-pin “infinite" array of 101.6-mm
tubes. For the i{solated-element measurements,
adapters were fabricated for the smaller diameter or
noncy lind~1-al test internaly  These measuroments
were perforred with the isolated element atl the

Win! Tunnel Facility Schematic.

local measurement techniques rather than an gverall
would strike the test rection walls before reachirg
the test elements. This necessitated the use of
mass balance technique.

Measurement of e-Fntrainment Rates

As the WTrldrop el "fwo-phave Tlow strikes a test
element placed in the fiow streoam, some fraction o’
the droplet field 15 de-entratned on the element
surface and drains a4 a thin 1iguid f1Im on approxi-
mately the upstream 180° of the surface.(H) The
de-entrainment etficiency of an fsnlat.d element was



addition to those already mentioned, the removal of
droplets from a gas-droplet flow has important
applications in the cleaning of industrial gaseous
and particulate effluents, abnormal operating condi-
tions involving boiler tubes, and certain events in
nuc lear reactor components during atypical operating
conditions.

The focus of this studv 1s steam-droplet flow in
nammetries typical of the rpper plenum of a pressur-

d water reactor (PWR) during the course of a
loss-of-coolant accident (LOCA). The droplet flow,
generated from the core region during the reflood
stage of the accident, may either de-entrain on the
upper plenum internals or be carried out a hot leg,
where it may vaporize in the steam generator-..
Significant water de-entrainment in the upper plenum
results in a potential reduction of the steam
binding problem (which impedes core reflood by
raising the system back pressure). In addition, the
de-entrained watar may collect in the upper plenum
and drain into the relatively cooler core channels,
resulting in an increase in core cnoling,

This paper presents the results ot a study of
de-entrainment phenomena using simula‘ed reactor
upper plenum internals in air-wate- droplet cross
flow. Studies of de-entrainment phenomena were
carried out using a horizontal wind tunnel and a
specially designed water spray system. Measurements
of the air-droplet flow characteristics and the de-
entrainment efficiencies of various shapes and sizes
of isolated simulated internals are presented,

In addition, measurements of the de-entrainment
efficiency of a staggered array of 101.6-mm cylin-
ders are presented for superficial velocities of 7
and 14 m/s. Based on geometric considerations and
an "interference effect” (enhanced de-entrainment of
an array element compared to that of an isolated
element), a predictive equation is developed that
relates the isolated de-entrainment efficiencies to
those of an array of cylinders,

MECHANICS OF DE-ENTRAINMENT

Much of the early theoretical work related to
droplet or particle separation from a gas stream by
isolated elements was concerned with the filtration
of aerosols {d < 10u). There are three basic mech-
anisms of aerodynamic capture of aerosols: diffu-
sion, particle interception, and inertial impac-
tion. For the water droplet size expected in a PWR
upper plenum during reflood (volume median ~ 1000
umj{1) only the inertial impaction mechanism {s of
importance. In this model of droplet motion, as a
gas stream approaches & body placed normal to the
stream, the fluid stream!ines spread around the
body. The exact streamline configuration depends
upon the body shape, gas velocity, and fluid prop-
erties of the gas. ODrops traveling in the gas
stream, due to inertial effects, tend not to follow
the curvature of the streamlines, but hurtle across
and impact on the ohbstructing surface,

Brun, et al.,(2) have solved the equations of
motion for fnertial impaction of a water dJdrop trav-
eling at the free stream conditions in potential
flow past a vertical cylinder. The resulting "S"-
shaped curves indicate a strong dependence of
impaction efficiency on a Stokes number. For Stokes
numbers {n the range of this s*udy, 1006C < Stk
< 10000, the impaction efficiencies are nearly 100
per cent. This indicates that the disturbance

generated by the element in the flow strear will
have little or no effect on the path of the
approaching droplet field (except on the smallest
drops in the droplet field; however, these will
contain only a small fraction of the total mass).
Thus, large droplets on a path of interception with
an element eventually collice with that element.

High-speed motion pictures (3) (4000 frames/s)
of 10 m/s air-droplet cross flow striking a 25-mm
cylinder have indicated at least four very compli-
cated mechanisms reducing de-entrainment efficiency
from that ¢f the inertial impaction efficiency: 1)
incoming droplet breakup upor impact with a dry sur-
face and subsequeni droplet fragment entrainment, 2)
incoming drops striking a thin film with subsequent
crater formation and back splash of satellites and
fragments of the original drop, 3) incoming drops
impacting a surface at a glancing angle and bouncing
free of the surface, possibly removing a portion of
the film, and 4) hydrodynamic re-entrainment of the
1iquid film by the air stream.

Observation of the high-speed movies indicated
that the duminant mechanism appears to be droplet
splashing upon impact with the thin water film,
Although furdamental studies, including both experi-
mental and theoretical investigations, have been
carried out by Macklin and Metaxes,(4) Mondy,(5)
Jayaratne and Mason,b Harlow and Shannon,(7),
these studies have all been performed using stagnant
liquid layers. To maintain a stable stagnant film,
the film musc of necessity be rather deep, in the
range of 2 mm. In contrast, recent measurements (3)
of the average film thickness ¢n a 101.6-mm <ylinder
in air-droplet cross flow have indicated values
ranging from 0.1 to 0.6 mm. Consequently, appli-
cation of the results of these droplet splashing
studies to de-entrainment phenomena on vertical
elements has been, to date, unsatisfactory.

EXPERIMENTAL FACILiTY

The steam-droplet flows in the upper plenum of 4
light-water pressurized reactor have been simulated
using air-droplet flows in & draft induction wind
tunnel, Water droplets are admitted by sprays
placed in the wind tunnel parallel to the incoming
air strean. Thiy air-droplet mixture 15 then
allowed to flow across various size and shape
structures designed to simulate the internal ele-
ments of the reactor upper plenum. Measurements
were made of the mass of droplets impacting per unit
cross-sectional are, of the Structure, as well as
the total liquid drai ing from the structure, The
main interest being the ratioc of these two quan-
tities, the de-entrainment efficiency, as a function
of the pertinent hydrodynamic and geometric vari-
ahles, Two different wind tunnel facilities were
used for this study. The bulk of the isolated-
element de-entrainment measurements wes obtained
with a facitity that is described in detail in Ref.
J. Some of the isolated-element measurements and
all the multiple-element measurements were obtained
fn the wind tunnel facility shown in Fig. 1. This
wind tunnel design significantly increased the
max tmum air and water flow rates as well as
eliminated several minor design flaws of the
original facility.

In the original de-entrainmont fac1lity, due to
equipment limitations, atr flow reproducibility wae
about * 10 per cent. In additron, poorly regulated
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Fig. 2. Schematic of the 101.6-mm-diam array.

determined by measuring the volumetric rate of flow
in the draining fiim and the volumetric rate at
vhich the droplet flow impacted on the element. 7he
ratio Jf these two measurements represents the de-
entrainment efficiency of the element. (This
technique 1is documented in greater detatl in Ref, 3.)
The large number of cylinders in the array in-
vestigation made it impractical to measure directly
the draining liquid film or the impacting droplet
mass flow rate. For these purposes a large Pitot
rake was fabricated that has a vertical dimension of
1y mn and a horitontal dimension of 446 mm, or
approximately 80 per cent, of the test area width,
The Pitot rakc was centered in tne tesi section,
allowi.ng 56 mm between the rake edges '1d the test
section walls., This was done to reduce *he in-
fluence of any local flow anomalies near the walls.
The Pitct rake was connecied to a traversing mecha-
nism that moves the rake from test are. top Lo
bottom in a continuous manner. The rake was posi-
tion: * vertically at 25.4-nm * 1.6-mm intervals
vhere the droplet mass flow was measured. This pro-
file was then integrated to cive the total droplet
mass flow at the axial location of the mea-urement.
In addition, the Pitot rake can be postitioned along
the wind tunne!l axis at intervals equal to the dis-
tance between rows in the array, but the position is
not limited to *hese intervals,

The amcunt of tiguid de-entrained by a yiven row
is then the difference betweer the integrate mass
profile in frent ot the row of elemenls and that
hehind the row., 3n1s measurement was repeated for
sach of the five rows, In A similar manner, the

de-entrainment efficiency of the array can be deter-
mined by measuring the droplet mass entering the
array and that exiting from the array. This tech-
nique does not separate such integrated effects as
gravitational settling or droplet field angular
velocity.

EXPERIMENTAL RESULTS

1solated Internal De-Entrainment Rates

‘A convenient way to characterize the liguid de-
entrainment on objects of differing shape is to
measure the rate of liquid de-entrainment per unit
projected cross-sectional area as a function of the
average droplet mass flux. The ratio of these
quantities is the isolated-element de-entrainment
efficiency, ny. Sample measurements of the
de-entrainment efficiency vs the average droplet
mass flux for several different sizes and shapes of
isolated elements are shown in Fig. 3. Because the
estimated initial droplet velocity is different from
that of the air flow, it is shown as a parameter in
the figure. The data shiw only small differences in
efficiency for the 25.4-, 63.5-, or 101.6-mm cy-
lindrical tubes at mass flux rates above 2 kg/
m¢ s: however, the 76.2-mm square tube appears to
pe 3)ightly more etficient than the cylinders at
these higher mass flux rates. Hence, there appears
to be only a minor dependence on air veloc ‘ty,
droplet mass flow rate, tube diameter, and uJroplet
velocity for gverage liquid mass flux rates between
2 and 15 kg/mc s (the highest value meacured in
this study) and air velocities less than 14 m/s.
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Fig, 3. Effect of druplet mass flux on fsolated

element de-entratnment efficiencies.



At the lowest mass flux rates in Fig. 3, the
water is distributed over the forward halt of the
cylinder in a discontinuous manner, At these flow
rates the water collects in small pools on the sur-
face then drains through rivulets to the floor of
the wind tunnel. As the droplet flow rate to the
surface increases, these rivulets and pools grad-
ually expand yntil a thin continuous film forms.

Mondy(5) has reported measurements indicating
that droplets are more easily bounced or splattered
from a thin water film than from a dry stainless
steel plate regardless of the angle of impact. This
tends to explain the high efficiencies at low drop-
let flux rates since a substantial portion of the
surface does not have a water film. The apparent
maxima or plateau through which ths data pass at «
mass flux of about 0.5 to 1.0 kg/m¢ s is rather
difficult to explain withcut further study.
However, as the flux of droplets to the element
surface increases, the rivulets and pools tend to
attach and form a continuous film, This fiim is
thinner than the original rivulets or pools and has
less mass available at a aiven Jocation for splat-
tering. However, as the tiim thickens at higher
flux rates, the efficiency agiéin plummets where it
appears that the efficiency (and the splashing phe-
nomena) reaches a "deep film" asymptote. Much of
this explanation remains specululative due to the
difficulty in measuring discontinuous films and due
to the visual and qualitative nature of this
explanation. These phencmena will be explored in
future studies planned as part of this continuing
investigation,

In addition to the extensive isolated-element
s i1dies at 7 and 14 m/s, a limitad number of de-
entrainment measurements for alr velocities up to
40 m/ s are presented in Fig. 4 for the 101.6-mm
isolated cylinder. At these higher flow velocities,
the de-entrainment efficiency decreases almost
linearly with increasing cylinder Weber number,
defined as

, (1)

where the subscript a refers to the properties of
anh ient air, D is the cylinder diameter, and » fis§
the surface tension. 't {s speculated that this
decrease In de-entrainment {s due to the re-
entrainment of the draining liquid film and
increased sweep out of splashed drops by the air
flow.

The lineur relationship between the {solatec
de-entrainment efficiency and the cylinder Weber
rumber is bared on dimensional reasoning cuncerning
the entrainment of a liquid film by an ai. flow. In
the opinion of the authors, the use of the cylinder
diameter, N, as the length parameter in the Weber
number probably overpredicts the effect of cylinder
diameter. A better parameter would be the average
dratning film thickness. As only a few measurements
of the film thickness are available, {t was not
possible to incarpo-ate this parameter in Fiqg. 4.

Array De-entrainment

TTTMUTHiCyTTAder array de-enlrainment measurements
were made using the array configuration shown tin
Fig., ? end the Pitoi rike system described above,
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Fig. 4. De-entrainment efficiency of a 101.6 mm-

diam cylinder as a function of cylindar
weber Number (for d-oplet mass flux rates
> 2 xg/ms),

The mass rete of droplet flow was measured at the
leading edge of a row and approximately 25 mm behind
the row with 1dentical flow conditions. The differ-
ence of these two measurements is the amount of the
droplet field de-entrained by the row; and the array
de-entrainasent efficlency " ng (where N is the
number of rows in the array) is the ratio of this
difference to the measured mass flow rate of drops
at the leading edge.

The approaching droplet field mass profile was
initially peaked at the axis of the tunnel; however,
after several rows the profile changed to one with
an almost flat profile with only a slight increase
f~om the top to the bottom of the test area (see
F-g. 5). The average droplet mass flux for the
array nwasgrements varied from about 6.5 kg/me s
to 11 kg/m¢ s, correspondiij to the upper range of
the isolated internals measurements.

Measurements of the de-entrainment efficiency of
the array shown in Fig, 2 are presented in Figs. 6
and 7 for superficial air velocities of 7 and 14
m/s, respectively, The array used had a packing
density (volume fraction of cylinders) of about
0.39, with individua! rows having an average pitch-
to-diameter ratio of 0.4.

1t it interesting to note that after just three
rows of tubes, between 75 and 8% per cent of tte in-
coming droplet mass has been de-entrained, Addi-
tionally, over the range of fl(w conditions in this
sludy, there !5 a differen.~ nf about 6 per cent
between the 7 and 14 m/s measuren. ts after the
first row, These Jifferences are due to the fact
that the internal elements of the array are in an
atr flow field with a Webher number approximately
twice that of the superficial Weber number (250 and
1030, respectively),

An examination of 1. 4 indicate< that there is
approxametely a d-per cent difference in the {selated
element officfency over thiv range of Weber pumber
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(250 to 1030). In a later section it will be shown
that this is sufficient to explain the aifferences
in the array de-entrainment efficiencies.

PREDICTION OF ARRAY DE-ENTRAINMENT EFFICICNCY

As a gas-droplet flow passes through an array of
elements, the flow “tream tends to frrm jetls or
loca) concentrations of the droplets that exit each
row through the gaps between the elements.These
“jets" tend to be diftused by local fluid motions as
they move toward the next row of elements. Thus,
the droplet mass flow rate impinging on the sub-
sequent row is subject to the local flow conditions,
the distance to the next row, and the geometric
position of the elements of the next row,

If an initially homogeneous air-drovlet mixture
ts flowing through a section of an infinite array of
elements with a projected area to the flow of Ar,

a total projected area of the qaps betwoen elements
for row N of Agy, and Fy the fraction of the
air-droplet jet formed in the N.ILB row and
intercepted by the elements of the Nth row, then

an equation for a multirow array can be derived
having the follnwing form

A A r A A.. ’
= Vo[- 7T - TG)) n I (" - "6/) Fun, |
NA [ iy —! l] ———— 7 Z]
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For a regular array,

g elrRon

L= (3)

where g is the diameter-to-pitch ratio of the
array, and 7 y is the de-entrainment efficien-
cy of the elements in the Nth row. In addition,
the array in Fig. 2 is staggered with each %ap of
the N-1tP row filled by an element of the Nth
row, thus Fy= 1,

For a regular ar-ay similar to Fig. 2, £q. (2)
reduces to

nNA -1 (] = snl) (] = f 2 nz) se.
(1 - fenN) ’ (4)

where _ B < 1. For cases where ¢

T8 T-8
the ratio should be set to 1.0. 1In addition, the
diameter-to-pitch ratio for the array of Fig., 2 is
very close to 0.5 for the interior rows and 0.55
for the first row; hence, Eq. (4) becomes

> 1,

Nea = 1 - (1 -0.550 ) (1 -1 ). (V-n) . (5)
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It has previously been noticed(9,10) in the
filtration of aerosols by impaction that there is
considerable disagreement between the efficiences
of icolated filter fibers and the efficiency of a
fiber in a filter. This phenomena has been ca)led
the "inte~ference effect.” An empirical corre-
lation, Lased on filtration measurements, of the
efficiency of an element from a row In terms of the
diameter-to-pitch ratio, s, and the isolated cle-
ment de-entrainment efficiency has been proposed by
Chen(9) and has the form

ny = (1% 4.5 6% "o (6)

where ny is the de-entrainment efficiency of a row

element and ny {5 the {solated element de-
entrainment efficiency (Chen's measurements included
arrays with 8 < 0,32). Application of Eq. (6) to
the case of large drops impacting on 101.6-mm cy:-
inders is difficult to Justify, however, it might be
expected that there woula be strong similarities
between the filtration of 10-mm aeroso) droplets on
l-mm f1ibers and the de-entrainment of 1000-,m drops
on 100-mm cylinders. Unti) additional de-entrain..
ment information is avatlable on varied array
configurations, it is suggested that Eq. [6) serve
a5 the best available correlation of the “inter-
ference cffect.”

8

MODEL COMPARISON WITH EXPERIMENTAL RESULTS

Single Row Arra
Observation of the single-row array or of the

first row of a multirow array has indicated that
essentially all of the droplet-cylinder interaction
occurs on the upstream 180° cf an element surface.
Thus, it may be expected, intuitively, that the flow
conditions directly upstream (i.e., the superficial
flow conditions) would dominate any lateral or
downstream effects. This implies that each element
of *he first row (or single row) acts essentially as
an isolated eiement in cross flow without
intarference effects.

The isolated element de-entrainment efficiency
for the 7 and 14 m/s air velocity cases can be
determined from rig. 4 using the approximated super-
ficial Weber numbere, 64 and 250, respectively.
Using the values obtained for ny in Eq. (5),

[Ea. (v) is not used because there is little
“interference" in the first row], an excellent
prediction of the single-row array measurements
results. This can be observed in Figs. € and 7.

Thus, the elements of a single row or of a first
row of a multirpw array can be treated as isolated
elementes with the upstream superficial flow condi-
tions dominating the de-entrainment process., This
is not the case 7or the latter elements of a mclti-
row array anc, as will be seen in the next section,
trhe use of Eq. (6) to determine the interference
effect is necessary.

Multirow Arra
The appTication of £q. (6) requires a value for

the isolated-element efficiency, ny, at the local
flow conditions surrounding the array element. This
can be obtained by estimating the local cylinder
Weber number and referring to Fig. 4.

The first row of the array has been shcwn to be
well described by Eq. (5) using the n predicted
from the upstream flow conditions. Interior rows
are in a considerably higher air velocity field, in
fact, the array of Fig. 2 has a local air velocity
aboutl twice the superficial velocity.

Using values of the Weber number for the 7 m/s
and 14 m/s superfical velocity cases, (250, 1030),

n can be interpolated using Fig. 4. Using these
values in Eg. (6) and subsequently in Eq. (5) the
results are shown as the solid lines in Figs. 6
and 7,

The predictive line of Eq. (5) in Fig. 7 gives
an excellent representatiun of the array de-entrain-
ment measurement for the 14 m/s superficial velocity
case. On the other hand, the prediction of £q. (5)
for the 7 m/s case in Fig. 6 does a good job of
representing the one- and two-row arrays, but for
the laroer arrays appears to systematically
underpredict the measurements by about 4 per cent.
This discrepancy for large arrays is probably due to
the gravitational settling of the drops at low cross
flow velocities.

Simple scoping calculations using a drag on a
sphere mcdel (~ 1,0 mm diam, 7 m/s superficial
velocity) have Indicated that for an array similar
to that of Fig. 2 the de-entrainment due to gra fi-
tational settling could be as high as 2 per cent per
row afte. th: first row. However, in the case of
steam droplet flows \n a pressurizel water reactor
upper plenum during reflood, the flow will have a
vertical velocity component as well as a horizantal
component. For this case it would appear that



gravitational settling would be reduced considerably
except at the lowest velocities and these probably
wculd not generate dispersed flows.

Although good predictions have resulted from the
application of Eq. (5) and (6) al ng with Fig. 4,
caution should be exercised in the general aoplica-
tion of thcse equations to conditions or array
geometries greatly differing from those of this
study. 1In addition, at this time there is insuffi-
cient information available to truly test Eq. (6) or
develop an alternative; hence, results in sparse or
very dense arrays may not be well represented by
this correlation.

SUMMARY

The isolated element ge-entrainment efficiencies
for air velocities of 7 and 14 m/s are shown to be
strongly dependent upon droplet mass flux rate below
2 kg/m2 5. Above this value the de-entrainment
efficiency is gonstant up to the limit of this
study, 15 kg/m¢ s

A limited number of isolated de-entrainment
efficiency measurements are repo-ted for a 101.6-mm
cylindrical element at air velocities up to 40 m/s
(We = 2000). These measurements indicate an almost
linear decrease in de-entrainment efficiency with
increasing air velocity, from 20 per cent at 7 m/s
air velocity to 10 per cent at 40 m/s, In addition,
there is a slight decrease in efficiency with
incredsing droplet velocity.

De-entrainment measurements of the array of
101.5-mm-diam cylindrical elements, used in this
study, have shown a high efficiency for droplet
removal. The first three rows of this array removed
more than 75 per cent of the incoming droplet mass,
at superficial air velocties up to 14 m/s.

Preliminary predictive relations have been
developed, using geometric considerations and a cor-
relation for the "interference effect," which show
that the multielement array de-entrainment
measurements of this study are reasonably predicted
in terms of the isolated element de-entrainment
measurements,

Studies are under way tn determine the
efficiency of this array a. significantly higher
superficial air velocities and droplet mass flow
rates. In addition, simile- measurements are
planned for different array configurations and
element diameters., These measurements wi!l aid in
the fundamental goal of developing of gereralized
predictive relations for array de-entrainment
efficiency.
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